in shifting emphasis away from productivity enhancement and toward sustainability and resilience (McNeely and Scherr, 2003; IAASTD, 2009a IAASTD, , 2009b UNEP, 2009) .
Much of the interest in sustainability and resilience in agriculture comes from the industrialized world and is manifest in signifi cant movements supporting organic agriculture and local self-suffi ciency. There is a rich set of literature addressing these issues (McNeely and Scherr, 2003; Millennium Ecosystem Assessment, 2005; Pollan, 2006; Ronald and Adamchak, 2008) . Recently, the logic of more diverse, locally sustainable agriculture has been applied to the developing world and the issue of increasing the resilience of poor developing world farmers has emerged as a signifi cant concern. However, there is little empirical evidence to demonstrate how resilience may be enhanced. Green revolution technologies implicitly address resilience to climate variability, pest and disease outbreaks, and economic shocks through investments in improved water management, use of pesticides, and improved markets, capital accumulation, etc. There is an assumption that resilience might be better enhanced through promotion of extensive, low-input, highly biodiverse agricultural systems (UNEP, 2009 ), but the empirical evidence to support this hypothesis appears to be largely lacking. The objective of this paper is to explore the issues of when and how it might be appropriate to redirect investments toward enhanced resilience.
WHAT IS "RESILIENCE"?
Many defi nitions of resilience exist (Brand and Jax, 2007) . For the purposes of this paper, we will use the defi nitions adopted by , "the capacity to absorb disturbance and reorganize while undergoing change so as to still retain essentially the same function, structure, identity, and feedbacks, " and Cumming et al. (2005, p. 976) , "the ability of the system to maintain its identity in the face of internal change and external shocks and disturbances."
These defi nitions imply that resilience is a desirable attribute. However, agricultural research for development is often addressing the needs of the extreme poor who are struggling to escape from agricultural systems that are highly resistant to change. In the context of poor developing country farmers, the need is clearly to change but to do so in ways that do not increase exposure to risks. The challenge is therefore to progress to more productive systems while at the same time retaining or increasing resilience to external shocks. discuss a number of attributes of natural resource systems that infl uence resilience. The ones that are of most signifi cance for agriculture are the following.
Thresholds and Tipping Points
An essential feature of resilience is the existence of limits, or thresholds, beyond which signifi cant change will occur. If such change is of zero probability, then there is no fundamental problem for resource management. This is because such a system is always reversible within technology and resource constraints (as in Fig. 1a) . If a mistake is made, or the managers change their minds, there is no fundamental obstacle in moving to another state of the system. In systems with nonlinear dynamics, however, the likelihood of alternate system regimes (alternate stable states) is high. A shift (intended or unintended) from one to the other can be irreversible or very hard to reverse.
Conventional natural resource management has tended to assume that ecosystems, agro-ecosystems, and social-ecological systems are predictable, controllable, and follow smooth trajectories (i.e., they don't exhibit discontinuous changes). Management has focused on average conditions and on particular time and space scales. It has mostly ignored extreme events, and it has assumed that getting the system into some particular state and then keeping it there will maximize the fl ow of benefi ts.
However, many social-ecological systems exhibit threshold-type changes. If these thresholds are exceeded, changes in feedbacks will cause them to shift toward a different state. Examples occur in agricultural, forestry, and fi sheries systems, which do not recover after being changed by human or natural disturbances beyond some critical level. They may "break down" and remain in diff erent, low-production states, even after human use is withdrawn.
Resilience is a feature of social and ecological systems and governance is clearly an important determinant of resilience. The resilience of governance systems is determined largely by the attributes of networks, trust, human capital, leadership, etc. . A particular feature of threshold changes and recovery-hysteresis-is illustrated in Fig. 1 .
The likelihood of alternate stable states is what makes the concept of resilience so important. The bigger the difference between the levels of the two states, and the bigger the hysteresis eff ect (i.e., the more the controlling variable needs to be reversed before the state of the system "fl ips" back), the greater is the signifi cance of that particular aspect of resilience.
Specifi ed and General Resilience
Resilience is often seen as specifi c to an external driver of change; for instance, of a particular fi sh stock to fi shing intensity, or of crop production to a drought (Carpenter et al., 2001) . However, increased resilience to specifi c disturbances may cause the system to lose resilience to others. The "highly optimized tolerance" theory (Doyle and Carlson, 2000) shows how systems that become very robust to frequent kinds of disturbance necessarily become fragile in relation to infrequent kinds.
An important question is whether it is only the resilience of agricultural production (for example) that is of concern, system defi ned by new state variables. It means introducing new components and new ways of making a living, and often changes in the scales at which the system functions. This is the general problem that agricultural research for development is confronting.
Many production systems do not meet the needs of local communities. And some existing agricultural systems will not be viable under changed climate conditions; simple incremental adaptation will not suffi ce. These systems will need to be transformed into new kinds of agro-ecosystems. Such a transformational change may require that totally new germplasm, crops, farming systems, institutions, and policies are all put into place in a short space of time.
Resilience and transformability are both necessary attributes of systems. Building resilience to cope with external change is the appropriate action in some circumstances. In others cases, incremental adaptations to a changing environment may amount to "digging the hole deeper." The question facing policymakers will increasingly become: "Which parts of our (locality, region, or country), or which components or sectors, need enhanced resilience (to ensure their present, preferred states can continue), and which parts need to be transformed?" This is a fundamental societal choice and the legitimacy of the decision-making process is critical.
Changing to Persist
Resilience requires that a system can change and should not be equated with resisting change. Keeping a system in some particular state may reduce its resilience. Allowing a system to change is necessary for maintaining the or the resilience of broader attributes of livelihoods. Some specialized agricultural technologies or production systems may be less resilient to external challenges than the diverse production systems they replace. For instance, encouraging millions of small farmers in Africa to adopt hybrid seeds only available from a few distant producers and requiring high fertilizer inputs may greatly increase their incomes, but render them highly vulnerable to any external disruptions to the supply of agricultural inputs.
"General resilience" does not consider any particular kind of shock, or any particular aspect of the system that might be aff ected, and is, therefore, used both normatively and positively, implying that the general capacity to deal with shocks is deemed to be a good thing. The capacity of people and institutions to learn and adapt, and to self-organize and reorganize is critical to building resilience Berkes and Seixas, 2005; Kooiman et al., 2005; Folke, 2006; Mahon et al., 2008) . This capacity to respond to surprises is especially important in enabling managers to adapt (McLain and Lee, 1996) . Building the capacity to adapt is therefore a key element of enhancing resilience. The concept of generalized resilience implies that the attributes that enable a system to cope with one kind of shock (e.g., a tsunami) are similar to those needed to respond to a diff erent kind of shock (the global fi nancial crisis).
Enhancing Resilience vs. Transformation
When a society is trapped in an undesirable system regime and recovery to its former state, or movement to some new confi guration of the system, is not possible, the only option is to transform into a diff erent kind of system: a resilience of the system's current confi guration. Change is also needed to shift the system to an alternate regime if that is desired; for example, in the crop-livestock systems in western Niger, from a low and declining state of soil fertility and crop production to a higher, self-maintaining state (Fernandez et al., 2002) . Change is also needed to transform systems to diff erent confi gurations when that is necessary (e.g., from a low-production livestock system to a new way of making a living).
Resilient systems are learning systems. Ecosystems adapt through exposure to shocks; for example, by the reorganization of species assemblages following a disturbance. Social systems learn in multiple ways. Policy and management actions need to enable and foster learning. Learning requires providing safe spaces for experimentation, and rewarding novelty and experiments, rather than having them prevented and penalized. This same need is explicitly recognized in the "safe arenas" concept in the fi eld of transition theory and practice (Kemp et al., 2007) .
Estimating or Measuring Resilience
How does one know if the resilience of the system is increasing or decreasing? For a well-defi ned threshold, such as water table depth and salinity, it may be possible to measure whether or not the state of the system (water table depth) is getting closer to the threshold and, therefore, whether resilience is declining. For others, such as a shift from a clean, high-diversity river system to one dominated by algal blooms and with low biodiversity, the position of the threshold may not be known, and managers will need to monitor changes in the attributes that likely determine the threshold, such as fl ow rates, infl ow levels of pollutants, abundance and diversity of fi sh and zooplankton species, and use these as indicators of changes in resilience.
If a threshold is known to exist, then it is important to learn about it. This is a diffi cult area for both science and management, but two approaches are worth considering. The fi rst is development of a typology of thresholds with respect to the systems they are likely to occur in. A start has been made on developing a database for a very general framework (Walker and Meyers, 2004) , but it calls for a wide research eff ort. A second, very pragmatic, approach is that in use by the Kruger National Park in South Africa. It involves identifying "thresholds of potential concern" (TPCs) based on available information and knowledge of related systems. The list is regularly revised and the top few TPCs are used to guide both research and management (Biggs and Rogers, 2003) .
CONSEQUENCES OF A RESILIENCE PERSPECTIVE FOR NATURAL RESOURCE MANAGEMENT
A number of recurring principles that are important in understanding resilience can be identifi ed from comparisons of resilience among social-ecological systems 1. Allow systems to vary and to probe the boundaries of resilience. Attempts to resist change reduce resilience. A common objective of policies aimed at optimizing some particular product or outcome is to identify an "optimal" state of the system, and then to somehow try to keep it in that particular state. Keeping a system in one particular state leads to changes that make the system less resilient. For instance, preventing fi re in an attempt to keep a forest in its present state leads eventually to the loss of species that are fi re tolerant. They are outcompeted by species that do not have to channel resources into thick bark, resistant cell structures, dormant stem buds that enable them to resist or recover from fi re. The longer fi re is prevented, the more fl ammable material accumulates and the more vulnerable the forest becomes to fi re. To keep a forest resilient to fi re, it is necessary to periodically allow the forest to burn. To keep a community, an organization, or a society resilient, it has to be exposed to subcritical levels of the kinds of disturbances to which it needs to be resilient.
2. Multiple scales and cross-scale eff ects. It is not possible to understand or manage a socialecological system by focusing only on the scale of primary interest. All systems are structured and function at multiple interconnected scales, and cross-scale eff ects strongly determine the overall trajectory of the system as a whole-the concept of "panarchy" (see Holling et al., 2002) . Resource managers tend to operate at a single scale-for instance, the farm or the forest-but building resilience at one scale can reduce resilience at other scales. In developing policy or Figure 2 . Ten interacting thresholds in the Goulburn-Broken Catchment (GB region) in South East Australia, at three scales and in three domains. The kind and magnitude of a shock will determine which threshold is most likely to be crossed, and the subsequent cascading effect through the system. Crossing one particular threshold may either increase or decrease the likelihood of another being crossed. (From Walker et al., 2009b) . management proposals, one needs to consider the broader context and the eff ects of changes at fi ner and greater scales. The so-called "Dutch disease" is a well-documented example of how macroeconomic changes driven by development based on oil and gas exploitation can have harmful impacts on other sectors of the economy (Wunder, 2003 (Wunder, , 2008 Wunder and Sunderlin, 2004) . There are numerous examples of mining, infrastructure, and agro-industrial developments having positive impacts on the economy at national scales, but having harmful impacts on the livelihoods of certain sectors of the population.
3. Multiple thresholds across scales and domains. In addition to cross-scale eff ects there are cross-domain eff ects-interactions between the ecological, social, and economic domains. They are made especially diffi cult by the fact that the three domains function at diff erent scales in both time and space. Threshold eff ects can occur at each scale and in each domain. As an example, Fig. 2 depicts 10 known or strongly suspected thresholds in the GoulburnBroken Catchment, in South East Australia, at three spatial scales and in the three domains. The kind of shock the region experiences will determine which of the thresholds might be crossed. Crossing a particular threshold may then initiate a cascading eff ect in crossing other thresholds; and it may also lessen the likelihood of crossing certain others.
4. Controlling variables.
Comparisons of resilience in several regions/systems suggest that, at any one scale, there are only three to fi ve critical variables that determine the dynamics of the system . Identifying these critical variables is fundamental to management. The Kruger National Park approach of iteratively identifying a priority list of "thresholds of potential concern" is an interesting application (Biggs and Rogers, 2003) .
5. Pursuing narrowly defi ned effi ciency reduces resilience. Effi ciency is taken to be "good" in virtually all policy developments. Where it really does only eliminate waste or redundancy, this is justifi ed. But in many cases what is apparently redundant is actually "response diversity," in resilience terms (Elmqvist et al., 2003) . A farming system with many annual and perennial crops is more resilient to external fl uctuations in weather, markets, input supplies, etc., than is a single, high-production commodity crop system. The pursuit of economic effi ciency needs to be accompanied by analysis of unintended resilience consequences.
OPPORTUNITIES AND CHALLENGES
We consider that the following seven challenges and opportunities will need to be addressed in understanding resilience of developing country agro-ecosystems.
1. Defi ning the system and providing context. A critical fi rst step in any resilience assessment is to defi ne the system of concern. We need to be clear about the resilience "of what" and have an understanding of resilience "to what." What are the variables of concern? What is the normal disturbance regime of the system? What shocks, pressures, or internal changes is the system subject to? Even if the main focus is on the natural system, the social aspects of management responses strongly infl uence the dynamics of the linked social-ecological system. How we defi ne the identity of a social-ecological system is important from both a technical and political point of view. Defi ning the identity of the system addresses not only the "of what," "to what," but, as well, the "for whom" questions (Carpenter et al., 2001; Lebel et al., 2006; Nadasdy, 2007) . It requires perceiving and understanding the system as a linked system with strong interactions between the social and ecological domains, often across scales.
The Resilience Alliance Workbooks (http://www. resalliance.org/index.php?id=3874&sr=1&type=pop [verifi ed 26 Dec. 2009]) provide a list of questions to guide such assessments. For many applications a simpler list might be developed, but some analysis is necessary to clarify the controlling variables of the system, to prioritize issues both within and external to the system, and to identify a constituency and set of rights and institutions that "fi t" the system (Young, 2002; Andrew et al., 2007; McClanahan et al., 2008; Evans and Andrew, 2009 ). There is a long history of developing and testing ecological and social methods for developing country contexts that would constitute the tools for the diff erential diagnosis of agro-ecosystems. Such methods are critical in the developing world because, in most instances, long-term resource-rich analyses of systems are neither possible nor desirable. Integration and adaptation of rapid participatory methods for resilience analysis is an area that needs further research eff ort.
Diffi culties in defi ning "the system" can often be resolved by explicitly defi ning the spatial and time scales over which resilience is of concern. Fast variables at one scale are often slower variables at, and hence controlled by, the scale above. A closely related idea is the notion of layered interventions. It calls for identifying the set of important barriers to advancing human wellbeing, and how and in what order to deal with them. It is not good enough to deal with only some of them. A single remaining barrier can prevent progress. Reducing or removing these barriers is equivalent to addressing the limiting factors to general resilience, and also transformability. It is necessary to encompass the whole system of problems to identify the key leverage points for change. Partial solutions do not work.
2. Thresholds and the importance of integrated natural resource management. Thresholds in the behavior of complex systems are diffi cult to recognize and are most often "seen" after they have been crossed. In the institutionally weak, data-sparse world in which researchers operate in developing country contexts, this is the norm. Resilience management that seeks to keep a production system away from thresholds needs to know something about where those thresholds might be (see Estimating or Measuring Resilience, above). The "rule of hand" [see Point 4, Controlling variables, above] suggests that there are three to fi ve critical, controlling (often slowly changing) variables that determine the dynamics of the system at a given scale. Special attention should be paid to thresholds in these controlling variables that lead to changes in system behavior. Trying to identify controlling feedbacks is a useful way to approach the problem.
A threshold may be crossed as the result of an external shock (a tsunami or a civil war) or the cumulative eff ects of internal stresses (chopping down too many trees or catching too many fi sh). Although many systems will at some point exhibit threshold changes in dynamics, it would be wrong to focus research and management attention only on identifying thresholds. Production systems can be made less vulnerable to the threat of external shocks without knowing when they will occur (building general resilience). Management within this domain has been well articulated as integrated natural resource management (Sayer and Campbell, 2001) . As outlined earlier, integrated natural resource management shares many of the principles and concepts with resilience thinking and most of the fi eld methods and analytical tools will be the same.
3. Values. As emphasized earlier, resilience per se is neither good nor bad; it is a property of the current confi guration of a system. It is critical not to confl ate understanding of the resilience of some system confi guration (value-free) with judgments about its desirability (value-based). The challenge is to strengthen the capacity of society to manage resilience; to enhance it where appropriate or to erode it and help transform systems that are in undesirable states. The overall goal has to be to preserve the fl ow of economic, social, and environmental benefi ts to society as a whole.
Value judgments will always be needed and those judgments should be made by legitimate decision makers (Lebel et al., 2006; Nadasdy, 2007) . Depending on one's priorities and values, the current state of a system may or may not be desirable. Many undesirable social-ecological system confi gurations are highly resilient; for instance, forestry operations by military regimes and illegal fi shing in the seas of developing countries.
"Resilience of whom?" (Lebel et al., 2006) is an ethical question and, except in the most egregious cases, legitimate but opposing perspectives may be held. In his critique of resilience thinking, Nadasdy (2007, p. 216 ) makes a further point: "the more one has invested (ecologically, socially, or economically) in existing social-ecological relations and institutions, the more one is likely to view resilience as 'good'. Those who are marginalized or excluded are less likely to view a collapse of existing social/institutional structures as an unmitigated disaster. Indeed, they may even embrace the kind of radical socio-ecological change brought about by a system shift. The valorisation of resilience, then, represents a decision-at least implicitly-to endorse the socio-ecological status quo." In essence, Nadasdy makes the case for resilience as a value-free proposition for analysis. We note, however, that the poorest and weakest are likely to fare worse in the transition.
4. Reconciling "sustainable development" and "resilience". Sustainable development is a societal goal that the world has adopted. Some defi nitions emphasize stability and control-of the environment, society, or the economy-using institutions of governance. Since a resilience perspective is counter to this (it assumes that responses of ecosystems to human use have limited predictability and control), it might be seen as opposed to conventional sustainable development. In some ways it is, where sustainable development invokes goals of equilibrium and optimization as embodied in metrics such as maximum sustainable yield. However, as posited by Lebel et al. (2006) , resilience should rather be regarded as a necessary system property for sustainability in the face of change and uncertainty, furthering our endeavor to achieve sustainable development rather than challenging it. They assert that strengthening the capacity of societies to manage resilience is critical to eff ectively pursuing sustainable development.
It is useful to distinguish between "resilience," the system property, "resilience based-management," and "resilience-based development"-that is, designing a development strategy that leads to the maintenance or enhancement of resilience. We deal with this last aspect of resilience in the following point.
5. Development pathways and path dependence. Some development pathways will likely lead to greater resilience than others. For instance, one might argue that the Millennium Ecosystem Assessment "Adapting Mosaic" scenario would be more resilient than the "Global Orchestration" scenario (Millennium Ecosystem Assessment, 2005) , and that, if so, there should be more attention to research that would favor this scenario. Similarly the International Assessment of Agricultural Knowledge, Science and Technology for Development (IAASTD) provides analysis that supports agricultural development pathways that are locally adapted and less reliant on outside inputs of technology or agro-chemicals (the latter derived from declining fossil fuels) (IAASTD, 2009a (IAASTD, , 2009b . A resilience approach suggests that there should be more research focused on these multiple precision agricultural models rather than on conventional specialized models centered on a very small number of crops and valuing economies of scale, standardization, and specialization.
6. Transformation. "Transformational change" is much needed to meet the food security challenges of the developing world. In reality, transformation is a tricky ethical arena (Olsson et al., 2005 (Olsson et al., , 2008 Kristjanson et al., 2009 ). The questions facing managers (broadly defi ned) with respect to the transformation of production systems include: · Which parts of the (locality, region, country), or which components or sectors, need enhanced resilience to ensure that their present states can continue, and which parts need to be transformed? · If a production system is to be transformed, who decides what the changes will be? Trying to determine the "best" new system can lead into the same kind of trap the social-ecological system is currently in, and it may be better to allow for a learning approach within a range of acceptable new trajectories; that is, decide on where NOT to go, avoid those pathways, and allow self-organization within the range of acceptable futures. · Transformation will favor some people over othersWho will lose and who will be the winners? What process will ensure the legitimacy of the decisions that lead to such redistributions of wealth and infl uence? Do scientists have any legitimate role in this process? · The transformation process may be chaotic and unpredictable, throwing up new actors seeking advantage, creating new, visionary leaders that catalyze societal change in good ways, causing unexpected ecological phase shifts, etc. What responsibility do agents of change have for transformations that make things worse in the fi ght against poverty? · Can managers capitalize on windows of opportunity to create the sense of urgency needed to overcome resistance to change (Olsson et al., 2005 (Olsson et al., , 2008 ? · Transformations of production systems will prompt discussions about the tradeoff s between diff erent sorts of landscapes. The currency used in such discussions will likely be in terms of ecosystem services (including biodiversity conservation). Very quickly this will lead to issues of ecosystem valuation and the problems of nonmonetary valuation of, for example, rivers and forests. 7. Governance-partnerships, networks, and forums.
Exclusive, centralized forms of management have failed to deliver sustainable and equitable use of natural resources in the developing world (Berkes, 2003; Charles, 2001; Varjopuro et al., 2008) . Inclusion of a diverse, but appropriate set of stakeholders will include better problem defi nition and ownership, a more diverse knowledge base for decision making, greater legitimacy, and, therefore, better compliance and commitment to agreed courses of action, and confl ict resolution (Jentoft, 2000; Bryan, 2004) . Recent work on so-called boundary processes-individuals and organizations-has been identifi ed in the success (or lack of success) in many developing country situations. Their success in enabling cross-scale and cross-institution communication and cooperation depends in all cases on their being identifi ed by all players as accountable and trusted (Guston, 2001; Carr and Wilkinson, 2005; McNie, 2007; Kristjanson et al., 2009) .
A resilience approach clearly anticipates or leads many of these trends, and so the types and modalities of research required to support resource management are also changing. Creation of new knowledge will remain a cornerstone activity, but increasingly the role of research may be to understand the processes and necessary conditions for transformational change. Research may more explicitly seek to build general resilience. Concrete examples of these new modalities may include:
· Supporting the creation of national and regional forums to take leadership of management change and to set the research agenda. to address institutional aspects of poverty through capacity building for wetlands management. · The current interest in landscape and ecosystem approaches to fi sheries, forest, and agro-ecological system problems are implicitly driven by considerations of resilience. They seek a more balanced and sustainable approach to productivity enhancement and address the fl ows of multiple benefi ts. An overall conclusion in regard to governance in developing world social-ecological systems is the need for decentralization and devolution of power. Centralized control leads to frequent inappropriate actions through application of one-size-fi ts-all policies, and because it involves long feedback times it does not match the speed at which decisions need to be made. The model of polycentricity and distributive governance (e.g., Marshall, 2009 ) is more in line with developing country needs.
CONCLUSIONS
There are few examples of resilience thinking being formally incorporated into the natural resource management programs of developing countries. A comparison of resilience in some 15 social-ecological systems around the world led to the identifi cation of 10 guidelines that might be applied in the agricultural and natural resources management programs of these countries . Several of these have profound implications for the way in which scientists approach agricultural and natural resources research. They also have profound implications for the management of natural resources in the developing world, and we advocate their wider adoption. They are:
· Neither ecosystems nor social systems can be managed in isolation. Their strong interactions and multiple feedbacks must be taken into account. · Managers must intervene at multiple scales, understand how the focal scale interacts with other scales, what is happening in the levels above and below, and what eff ects cross-scale processes are likely to exert. · Slow variables need to be understood. Identifying the key controlling variables with threshold eff ects that determine alternate system regimes is important. There are typically no more than a few such key variables that are important at any one scale. · Manage for diversity. Simplifying production, ecological, or social systems for increased effi ciency carries with it a reduction in response diversity, so that the system becomes more vulnerable to stresses and shocks. · Accept that maintaining resilience incurs costs. There may be a tradeoff between short-term benefi ts from high effi ciency under narrowly constrained circumstances and the long-term performance of a more resilient regime with reduced costs of crisis management. · Make strategic interventions. Focus on identifying the key points for intervention in the social-ecological system that can avoid undesirable pathways and alternate regimes. Successful intervention requires investment in adaptive capacity. · Understand underlying mental models. Successful outcomes depend on expanding and connecting the mental models that exist across the stakeholder groups so as to increase their mutual understanding and thereby the social system's capacity to act. · Embrace adaptive governance. Introduce fl exible, dynamic institutional and governance structures so that key intervention points can be addressed at the appropriate scales and times. · Recognize windows for transformation. If a system has already moved onto an undesirable trajectory that is unacceptable and eff orts to move off it are failing, there comes a point at which adaptation is no longer ecologically, socially, or economically feasible. When transformation is the only option, the sooner it is recognized and acted on, the lower the transition costs and the higher the likelihood of success. · Recognize that vulnerability cannot be eliminated.
Strategies that enhance robustness to particular types of shocks necessarily give rise to new vulnerabilities in other domains. Our overall conclusion is that the primary goal in international agricultural research is to shift people out of their highly resilient condition of poverty into a more productive condition as defi ned by a broad set of livelihood attributes without making them vulnerable to external shocks such as those caused by climate variability, economic volatility, pandemics, etc. In some circumstances, resilience may hinder escape from a poverty trap to a more desirable state. Where resilience is an obstacle to change, then transformation has to be actively sought. This means moving to a different kind of system, defi ned by diff erent variables, with a diff erent way of making a living. Enhancing transformability is a major need in the developing world. The literature on resilience could enhance the ability of science to bring solutions to the needs of the rural poor without exposing them to some of the risks that may result from overly simple solutions focusing solely on yield increases and effi ciency. We therefore advocate the broader adoption of systems approaches to agricultural research. Such approaches must be based on a thorough understanding of the context within which farming, fi shing, and forestry take place, a process of continuous experimentation and learning that involves producers working alongside scientists and the integration of many knowledge systems. It requires that scientists take into account the broad set of attributes of the system that ultimately determine the livelihoods of the rural poor (Sayer and Campbell, 2004) .
